WO 02/ 086019 PCT/ EPO2/ 04142 - 1 FCC REACTOR The invention is related to
Fluid catalytic reactor vessel conprising: at its upper end a single

cent r al | ywparioséoemed prinmary cycl one having a gas-solidspcaiePp2/6diw dly 5

connected to the downstreamend of a fluid catalytic riser, which riser is
positioned externally fromthe fluid catalytic reactor vessel; said
primary cyclone further provided with a gas outlet conduit at its upper
end fluidly connected to one 10 or merergaeendary cyclone separators,

whi ch secondary cycl one separators are positioned in the space between the
centrally positioned primary cyclone and the wall of the reactor vessel

and whi ch seconda@heCXﬁb@aeiohayg rgﬁaeédteodp§ﬁmar9§t§9yt§é £QaLhg | Over
end of the reactor 15 vessel and neans to di scharge a gaSeous stream poor

in solids toVgs§gd 6GMP&ELsdnJthe reactor vessel. The lower end of the

vessel is furthergerecproybdedeWiytl aingtEi RRLPYaTODE eactor is
described in US-A-5449498léb 20 According to thlsa Fgggﬁgﬁﬁ? e lower end

of the prinaPyligpelyosgcilongr bavdad ﬁnghsaﬁoépéﬁlmgleb alhodlystri ppi ng gas
and stdi pped E%HB%E@VQOQ% e P%%H@Egﬁgm H§p659|¥ EiBEthStgingB'ng zone

to enter the primary cycl one from be ci all measur és "are needed at
this 25 openi ngseonnebtichgrtikerpisnpryitychedecahdrnhélgt frppi hige zone to

ensure that c§&a£ésgaggﬁgkgke§egggoglgégg%pgmards and striping gas and

stripped hydrocarbons ca upwar the primary cyclone. A
di sadvant age of thaidrpa¢mary|sythanetﬁerBhparpkbmhde@Owinhthegpsinary

cyclone can bg,pegat i ygly;tntiuepged uhen N0 92(,980012 RSILEEY2L 94342

10 or more segondary cyclone separators, which secondary
cyclone separators are positioned in the space between
the centrally positioned primary cyclone and the wall of
the reactor vessel and which secondary cyclones have
means to discharge solids to the lower end of the reactor

15 vessel and means to discharge a gaseous stream poor in
solids to a gas outlet of the reactor vessel. The lower
end of the vessel is furthermore provided with a
stripping zone.

Such a reactor is described in US-A-5449498.

20 According to this publication the lower end of the
primary cyclone is provided with an opening to allow
stripping gas and stripped hydrocarbons as discharged
upwardly from the stripping zone to enter the primary
cyclone from below. Special measures are needed at this

25 opening connecting the primary cyclone and the stripping
zone to ensure that catalyst particles can flow downwards
and striping gas and stripped hydrocarbons can flow
upwards into the primary cyclone.

A disadvantage of this reactor is that the separation

30 in the primary cyclone can be negatively influenced when



- 2 level fluctuations may for exanple be caused by pressure fluctuations
in the system by standpipe-instabilities or slide-valve problens. The

obj ect ofwbDle/ogiesent i nvention is to provide a 5 reactor pCa/Relo2/e4142 he
separation efficiency of the cyclone separation is |ess negatively
affected by level fluctuations in the reactor vessel. The followi ng fluid

catal ytic reaiggr v%iggku%%qb%%eﬁayt@bg gggﬁﬁ%F EEUkQP%EPabé Egegggg or

vessel conprisin a si cent itione

pri mary cycloﬁéuhawamgoasgaa-$hb|dgstametbylatdhﬁplpeﬁmeetedlﬂotnhé or
downstreamend.of, a fluid ca tlc riser, which riser is positioned
external ly er&ﬁgeflﬁﬁg gétéﬁﬁ i'C reactor vessel; 15 said primary cycl one
further provided Wwhehodjgas oduthetpmeedutt1aVent$oupmertendrbbmﬂdly

connected to one  _or nore.secon cycl one sep rators secq dary
cycl or separ E6FE & & HLE; oﬁg %ﬁp¥ﬁ8 %8808 éFﬁS@ﬁY g% %EsnFVS

posi tioned prisepayatiohone a@dsthegaahbemy affeheerenot aeveassel and mhlch
secondary cycl gnes have neans har ge soglds to the lower end of the

reactor vessélUshdatesqns & &P?cﬁﬁ?ﬁ °% §5586us streampoor in solids to

a gas outlet of tﬁﬁefQ@QH@Mlﬁ@S$Qh1d5@hdamytﬂaryeﬁwtbﬂneeéuélhebhméQ%ded
wth a prlnaréQlZS strip Eg zone at its lower end and neans to discharge
I

pre-stripped §d§bﬂP6ﬁlt udd R LEVEFoREAFEOENESPEREr COBRE L6f "Bhe

reactpy vessel; and wher eppetrhenteackohgyessehtkuntheposepbhsas at the
| onwer end of reactor vesse a secondary stri 30 zone and nmeans to

di scharge st r PEPE@r&0ICYEd oRcoReHEd Peéé?oﬁ°€é§§eFnlﬂﬁpﬁQBéH%Yfound t hat
the overall SU 'nB@c%%deftfol ¢r@NeYwnds raghi exadoirnat ke uk gagken1yessel

according to
rlser, which riser is positioned externally from a fluid
catalytic reactor vessel;

15 said primary cyclone further provided with a gas
outlet conduit at its upper end fluidly connected to one
or more secondary cyclone separators, which secondary
cyclone separators are positioned in the space between
the centrally positioned primary cyclone and the wall of

20 the reactor vessel and which secondary cyclones have
means to discharge solids to the lower end of the reactor
vessel and means to discharge a gaseous stream poor in
solids to a gas outlet of the reactor vessel;

said primary cyclone further provided with a primary

25 stripping zone at its lower end and means to discharge
pre-stripped solids from the primary cyclone to the lower
end of the reactor vessel;

and wherein the reactor vessel further comprises at
the lower end of reactor vessel a secondary stripping

30 zone and means to discharge stripped solids from the
reactor vessel.

Applicant found that the overall stripping efficiency
as achieved in the reactor vessel according to the
invention is enhanced. Because stripping takes place in

35 two physically separate zones more staging and therefore



invention is enhanced. Because stripping takes place in 35 tw physically
separate zones nore staging and therefore WO 02/086019 PCT/EP02/ 04142 3 a
hi gher efwDoRes®y9 i s achi eved. This stripping efficiencyPC3/HPor/041¢2

i mproved when in the separate stripping zones a near counter-current
contacting of catalyst and stripping gas is achieved. Preferred 5

enbodi nents of hehbgye&gl%qe%s shomg el gg/ar%hl Eﬁc&alLé directed to
achi eve just §ulh? ¢ Fdr tReffOF e, 8ecause &*PRtEFi or of the

primary cycloaéf&aﬁpmby g ftfhe tpeirmanprstedpphag znnEhe3sepbrane di rect
open communi cation with the reactor interior of he.re ctor essel as

for exanple ifi CHEPTEFCEERSSi §cP§8&d CPHNEEL A c§§6§8 8C°P598 PPultuations in

said vessel d@tﬁawsmegawl%e&ﬁppﬁhbuqaee1Bhecﬁepaéat|Qmefe&&ealency of the
cyclone as co red to the p rbpr art gng%EWThgﬁiesi nis furthernore

advant2geous BBORGLECREe OF €elp¥eBFé§8n Fe&&for vessel for

internals, |kkpelaklaxanplectke eypcheneesepguatosschbasangeethe riser is
p05|t|oned external fromthe vessel. One central primary cyclone further

ensures that the §é€69&§ﬂ?r§® E?&PHﬁ@stE§nlBEeﬁbgFtPBnEBelﬁréﬁaéVf|C|ent

manner in thec %Q%%% %19@'%ﬁéyp%ﬁﬁa&?estﬂﬂﬁFlﬁQaQBQE yessek wall .
The i nvention mAII be illTustrated mak |ng use 0 ures 1-2. FI% 1

shows the realfsrciesden §@@@P§Pﬁ@tﬂén vhE |EU§nF?6ﬁtoFlgnt2réﬁém§

prefe;ged detapk Qfeatct&%@%e@,@,w%x ¢%¢! angmpThe i pr LABY Yeg¥ebene (5) may
have an upper end, nanely above the primary strip zone, which may have

a conventlondﬂ8§é§ﬁ@ﬁ K@oﬂﬁ‘ﬁ05869898ne1§§9éréﬂéﬁguaﬁloﬂ§pﬂéa$ald

conventi onal e 4o e i fi n 3 0 s Chem ca
Engi neer s’ hanggogq dNb&?EwgﬁbaEl%gly 1RieQuehéa3fnd0s0baPER YN

efflc1ency of the cyclone as compared to the prior art
design.

15 The design is furthermore advantageous because more
space is present within the reactor vessel for internals,
like for example the cyclone separators, because the
riser is positioned external from the vessel. One central
primary cyclone further ensures that the secondary

20 cyclones can be positioned in an efficient manner in the
space between primary and the inner reactor vessel wall.

The invention will be illustrated by making use of
Figures 1-2. Fig. 1 shows the reactor vessel according to
the invention. Fig. 2 shows a preferred detail of the

25 primary cyclone. _

The primary cyclone (5) may have an upper end, namely
above the primary stripping zone, which may have a
conventional design known for cyclone separators. A
typical conventional cyclone is exemplified in Fig. 17-36

30 of Perry’s Chemical Engineers’ handbook, McGraw Hill,
7th ed., 1997. Cyclone separators have a cover at the
upper end of the tubular housing through which the gas
outlet conduit protrudes downwards. Said cover (32) and
gas outlet conduit (33) are in conventional cyclone

35 separators at substantially the same elevation as the



7th ed., 1997. Cyclone separators have a cover at the upper end of the

t ubul ar housi ng through which the gas outlet conduit protrudes downwards.
Sai d covewoO(03@3c0and gas outl et conduit (33) are in convemCir@mratioayzl one 35
separators at substantially t he sane el evation as the WD 02/ 086019
PCT/EP02/04142 - tangentially arranged gas- SO|IdS inlet (6) as shown in

the above refg nkeﬁgagu erladl ohelbeants have faund Lhajmangeven

better separa g7c8 I mary dary cycl one
separators isths abbwevedfaheadthpsFaguee @32¥6L3Apptétedtathth|@hend

el evation thap, said _tangen rranged inl [ Iy the el evated
cover is arraﬁBSg at §v Br% g ¥ %egsagglo?dﬁﬁ ove eggenter (34) of the
EgrgenthalLy gaﬁmamgeds ) nkat é@toaddryhenébncthOnetsepafatbrs i8 di stance

nd the dianeter, of the tubul ar bet 2 and 3 and
nor e eferabF?glﬁgﬁﬂeg e .ghéﬁdcﬁvﬁﬁdvgthl%ri %Sﬁﬁy g mgeﬁgﬁ 5 and

1.5. The gas eutketieanddbh 6334 @Enghetpaeigraeﬁapgédaﬁmle&S cycl one (5)
havi ng the el evat ed Eoof not grotrud e r oof §32 from

32
above. If theFP8GEFER &Mnagﬁtéég%§tgéegg§8f pro Faaag? oﬁfvf§ﬁ e gas

i nl et openi ngg38ahcef aabdagaseouhbebeﬁeeduiB4oSOEIu5€ twhybnthelngof .
Thi s enbodi ment is advanta eous because 20 less surface _area in the cycl one

will be preseAFT8RIGAI dR1eEoKE) nBPIsEPBFEINABRP] €8RS PEURBLBhat good

separgiion effikehgpel feallsraxnel sfecbgiapbievedrwepe thiBugas outlet conduit
(33) protrudes substantially down to the center (34) of the tangentially

arranged gas- BoMisdsg 492 niet besyeenhl - §adngudl 8pdcBRARi PrESSF 2Bt Yt he
primary cyclopeti,senf busdhygconngat gdswi HheeBeaBl yMBEEweBhEDEFaRMY 2- 8,

1.5.
The gas outlet conduit (33) of the preferred primary
15 cyclone (5) having the elevated roof (32) may or may not
protrude the roof (32) from above. If the outlet
conduit (33) does not protrude the roof (34) the gas
inlet opening (33’) of said gas outlet conduit is flush
with the roof. This embodiment is advantageous because
20 less surface area in the cyclone will be present on which
coke may settle. Applicants found that good separation
efficiencies may also be achieved when the'gas outlet
conduit (33) protrudes substantially down to the
center (34) of the tangentially arranged gas-solids
25 inlet (6).
The gas outlet conduit (33) of the primary cyclone is
fluidly connected with one or more, preferably 2-8,
secondary cyclone separators (15). These secondary
cyclone separators (15) are provided with diplegs (16) to
30 discharge separated solids to the lower end of the
reactor vessel to the secondary stripping zone (14). The
cleaned gas leaving the secondary cyclones (15) are
preferably discharged from the reactor vessel (1) via a
single gas outlet conduit (4) suitably at the upper end

35 of the reactor vessel



secondary cycl one separators (15). These secondary cyclone separators (15)
are provided with diplegs (16) to 30 discharge separated solids to the

| ower endwofo2ok@19 react or vessel to the secondary strippi rgTERPMZ041421). The
cl eaned gas | eaving the secondary cyclones (15) are preferably discharged
fromthe reactor vessel (1) via a single gas outlet conduit (4) suitably
at the upper end .35 of the reacto e 02/ 086019 PCT/ PO 4142 - 5
The reactor vessé?h%n¥?a%% ﬁroﬁ?%%% %ﬁ Zﬁk g %lsc%argég ?E%%]the

react or vessedustﬂn&rgmaxtﬂt@notfhesteacppongvgase}andthgdn.bx*aubenefvvhl ch are
di scharged from,k the secondar gg ng zone and which.flow u %%a%ds inb5
t he reactor v%%%é?pl?9e$%?aﬁ?§ ?%%5 HEEPES AV RLEP o¥F Ted S5y bP 9e"in the
condui t (33) ewanesténgatyiespripdiyg ante secdndaiyh cyTdbwnepsapas ators or by

openings in the connectin dU|ts 1 bet ween the secondary ¢ clone
separators (15}€ahePther g% gs%% ie%r?gé %%thEh?ﬁﬁcT%?nﬁan%s% %V

sui tabl e openhPdopsnPREYi tedthy @onaef er (@) @@ﬂﬂ@ttlﬁ§3ﬁh@epM@@@rprlnﬁry
(5) and secondary cyclone (15), wherein said conduit (33) is conprised of

two parts (1330d132FORARER BYelApACEBPATRTOFF oRF eA¥HOPSRHRFS stRhtffat gas

| eaving the p@éﬁnéé@ﬁg%ﬁ@ui@s ?1¢P%@§&@Qnt@héh§e@@§d@y§zl@cp@ﬂgwt (33)
of the primary cyclone |l ow into the opening of the part (134)

connected to %ﬁ@aQQEOFHIéi bfaﬁ%et%%c%%ﬂa?yt%?Elbﬁé of gebausea¢herparts are

spacqg away f&@&é@belpth@rsu§££bpglgpeg§§gaﬂg ﬁYQGP&@HbﬁﬁsadﬁﬁéféPEed
secondary 20 strip %3zone can also enter the part connected to the

secondary cyc¢@®@u(n7 Ahdoe hivgen eRyENE HE K%hc@@@ yeggefarypreferably the
opening of tNeypathe ( 134), ¢ Cong éiﬁdﬁQthQSné§§9n@§§¥ cyctonsr{ddd b8

greater than the opening of e ot part his ensures that both
openi ngs two parts (133, 134) which are spaced away from each

other such that gas leaving the part (133) which is

15 connected to the gas outlet conduit (33) of the primary
cyclone (5) will flow into the opening of the part (134)
connected to the gas inlet of the secondary cyclone.
Because the parts are spaced away from each other
stripping gas and hydrocarbons from the secondary

20 stripping zone can also enter the part connected to the
secondary cyclone (17) and thus leave the reactor vessel.

Preferably the opening of the part (134) connected to

the secondary cyclone (17) is greater than the opening of
the other part (133). This ensures that both openings

25 will keep facing each other when the primary cyclone (5)
and the secondary cyclone (15) move relative to each
other due to thermal expansion in the reactor vessel (1)
when in use. This relative movement will take place when
the secondary cyclones (17) are for example suspended

30 from the roof of the reactor vessel (1) and the primary
cyclone (5) is kept in place via its connection to the
external reactor riser (2).

The primary cyclone is provided with a primary

stripping zone at its lower end and means to discharge

35 pre-stripped solids from the primary cyclone to the lower



25 will keep facing each other when the primary cyclone (5) and the
secondary cyclone (15 nove relative to each other due to thernal

expansi orwDm2g@®19 eact or vessel (1) when in use. This relpatrirre2/omvEnent
will take place when the secondary cyclopes (17) are for exanpl e suspended
30 fromthe roof of the reactor vessel (1) and the primary cyclone (5) is

kept in place.yja, Et§h8°g8§8kb?hvE9sETe Tﬁét§§98£ é§8059rtﬁé55£%&§%3 The

primary cycl one i S provi ripprng zone at end
and neans to dysébaegesBEepngnsdrspphdtb@tlde brosubbtaptiabty nyclone to
the | ower WO 02/086019 PCT/EP 2/04142 6 h eact vessel . The
| oner end of Fﬁé Bpﬁﬁgr cyc grlgpﬁgs 8rgcguc ?hg nogé? substantially
no strippingsgaSnadesBtrmppdnbydoneacbnnsnteonthhepr$meoydatylppihgping

zone n enter the mar tripping 5 . _Th i
prefe&gbly deéPHfied %op§¥§§F¥lggkgﬁPﬁﬂﬁsggg?dé§c§£%?%EXBi ﬁgg ﬁ?égnﬁnls
said zone. Prefenalbky samdntinginnuesteshdentémei 08 ohet belidel idssasds

seconds, nore preferably this residence t th 0 d
nost preferangnﬁregféngﬁghyléaéﬁ @éﬁbﬂﬂénE%ﬁFaﬁarea ﬁ%er8g?ﬁéﬁczeffges

wll be |ess bbamds6@ssscged§nd8reﬁ@fébbyeaepébmyryhggrk@@hagn@@nelmé
provided as follows. In this enbodi ment the |ower tubular part

the prinmary c}&l BR8ALEF FEaBr69|EEHORPFhm%SEIBgﬁﬁeiébiﬁmgFe%Eﬁr éb?n

through whi ch3gl gsednbgwesuedpi0ina reybatapti aihy werlisal 1935t taka
wi t hdrawal conduit (21) extends froma position (22) below the closed

| ower end (2090t §§°p8S8ition in the tubular part (19) and bel ow the inlet
(6) for rece'V'ngPQ@?e%QQlZOE'9r9ﬁ52y0£€§1?§@h9 289e09§d$kévi§eéuééher

provi ded with ogenlngs (27) to withdraw s particles fromthe cycl one
separator (5)follows. In this embodiment the lower tubular part
of the primary cyclone (5) is provided with a closed
15 lower end (20), through which closed lower end (20) a
substantially vertical particle withdrawal conduit (21)
extends from a position (22) below the closed lower
end (20) to a position in the tubular part (19) and below
the inlet (6) for receiving gas and solid particles. Said
20 conduit is further provided with openings (27) to
withdraw solid particles from the cyclone separator (5).
Because said conduit (21) has a smaller cross-sectional
area than the lower tubular part (19) a space (24)
between conduit and inner wall of the lower tubular part
25 is defined. Means (25) to add a stripping gas are present
in the lower part of said space (24). In use a primary
stripping zone will be present in space (24).
In use a dense fluidised bed will be present in the,
preferably annular, space (24) between the catalyst
30 withdrawal conduit (21) and the inner wall of the tubular
part (19). The bed is kept in a fluidization mode by
means of primary fluidization gas supplied to the lower
end of the dense fluidised bed. Solids may be withdrawn
from this fluidization zone via the openings (27) present

35 in the particle withdrawal conduit. Preferably one or



Because said conduit (21) has a smaller cross-sectional area than the

| ower tubular part (19) a space (24) between conduit and inner wall of the
| ower tubwbar/opane 25 is defined. Means (25) to add a stripopiEPg2/gEs2 ar e
present in the |ower part of said space ¢24). In use a primary stripping
zone will be present in space (24) In use a dense fluidised bed will be
present in the rably_an pa 24 giween the at al yst 30

wi t hdr awal COWSU|tOPET}ngﬁdafﬁepF%ﬁ%P%ma %H fu%ﬂpaP? grt ({9) The
bed is kept |naaaiyutdwzahd@awamdeobyulﬂea581bébby|ﬂheyupbskdendtuae)gas

| dtoth d d fl di d bed. So
o aon Cr R EREbar R S Lrt DRaTERAT, Pt oS anp e Bhe PRk 35 in

t 2% paBtZ} gl e Mbtsbdpawt1sﬁedprenEﬁgfse|iatheoaen@ﬁl\i\wezw%eﬂ;e

PCT/ EP 4142 7 nor eni ngs ar resenf (n the upper end of the

cat al yst mﬁthﬂ?éﬁBPmcéﬁﬂﬁgﬁSe%uPFabﬁﬁeFﬁ ?6%6£r end (28) of the particle
wi t hdrawal condui bregeogBny Ehe appﬁbrenapénmgstlgmeda@eeawgs rBsthe
conduit define the 5_maxi num fl ui di sed bed | evel  (124) Prefera |y one or

nor e openlngs102?¥ea#@W§FsBab?e@én?helﬁafﬁéci%mﬁ%tthﬁwéﬁ fREIBAFti cl e

wi thdrawal copdubl hth5989h58@h89 eghi g8 gaBchergbgchabgedntr egrhbae.
cyclone. In normal use nost solids wll then be discharged through 10

these | ower pbBi pPsMad vBpenmAgs. sThédspehalhgtien)bat direhaggper thaauak t he

w tharpwal copgukk ﬁg%érmbbg1%98ﬂe9nb¥en§§§¥e @ﬁe“bb@ﬁ&ﬁ | 28pepkngnkn case
of tenporary excessive catalyst flow or in case of age of the

secondary opeWPRE§S @2@)OﬁythérWékéﬁﬁﬁéaéoﬁénéﬁlﬁebﬁlé WPhllsh?ﬁ|§n#ﬁnner
more counter - 8%%@8“53 gﬂ%ﬁgEaQEEWE ﬁ&rhﬁpbggengg'ﬂgh ?gag?talyst takes

pl ace in the urdi se zone, i s advant ageous stripping
ef ficiency. NbxeepseﬁerabtylaStoﬁﬂgw euchn case of blockage of the

secondary openings (27) by for example coke or debris. In
15 this manner more counter-current contact between
stripping medium and catalyst takes place in the
fluidised bed zone, which is advantageous for the
stripping efficiency. More preferably a row of such
openings at the same elevation are present in the lower
20 half of the conduit. Even more preferably two or more of
such rows are present above each other, wherein, in use,
most solid particles will flow through the lower openings
while through the upper openings gas is vented and
pressure is balanced. The same effect of the two rows can
25 be achieved by making use of rectangular designed
openings (as shown; 27) wherein the elongated side of the
opening extends upwards. Other possible shapes of the
openings are, for example, circular, keyhole shaped, oval
shaped or straight-sides holes with circular ends. These
30 openings are suitably at the same elevation or above the
position of the means to add the primary fluidizing
medium, such to ensure that the solid particles are
sufficiently fluidised to flow easily through the

openings.



openings at the same elevation are present in the lower 20 half of the
conduit. Even nore preferably two or nore of such rows are present above
each ot hewp oalogqoed n, in use, nost solid particles will flPocwRPhz/GUgh t he
| ower openings while through the upper _openings gas is vented and
pressure is bal anced. The sanme effect of the two rows can 25 be achi eved by
maki ng use of reckan ular %gsggned op enin ere n_the

n

sh
el ongat ed si de of t Ké ef85é SQﬁeﬁdsouBﬁarggngf gmg nglﬁfe shaﬁgg of

t he openi ngstaeelolvetr exampke, peirtcylan, oEeyheIeyshaped(5®vab oshaped or
straight-sides holes wth

ci-rcul ar ends hese .30, op g SU|tany at
the same e|erPF8nSBPSEBBGéa%ﬁ¥ %86§FPPBHI Fopﬂelﬁéaggb? %5 tKe primary
flr;dlZIngl WFFhﬂgbtigqhth?|Qﬁ&é&etha&ﬁkhpaﬁ0|Ld9paahdctﬁ§ ﬁéeth}e
sufficiently uidised_ to ow easily throu t he enin 02/ 086019
PCT/ EFD2/ 041491t8dravplerepfidd to géﬁlnngSrﬁgPhﬂ?é% §BP?Ha8§FF¥%%es from
the | ower tube@&zBﬁtbl(&ghdeﬁttﬁe pyekeaed( fithSmeAasON63NDEE add a
substantially horizontal _conduits (60) fluidly connectlngithe | ower

tubul ar part E29PREadYt héUpdiciogens %FthFQ&éISBBﬁHGPFlG Y, wherein said

subst anti al | ynoherbaeatakosendii t(cos RsOpbdedivwhth BBaBG €R3) pbeidddna
secondary fluidizing nmedium ThIS substantially horizontal conduit (60) is

posi ti oned bePéwthRemgasst i(6R) &P £RE KBEnBTLPBYYt luddizhBIphpRary ©f

fluidiging ”E@heﬁbeba%gtaee %?eqe%@Ig@ exebgaeeasage§@rl@eeaageveheBecause
the solid particles are not fully fluidised bel ow the Erlnar f1 uidizing

means (25) sobpdigapeirtiedeni prensptofudd vafluégyssaabrlpyt 8hfl BRIFREFUgh
these substanthgl by, ;Rgr keafsal280nduits HaLicBLsaddilonbeogeapndary 15

fl ui di zi ng medi um Sepa ate y to the connecting conduits the flow of solid
particles wlVergcemasé sipgmi ffiloanthyough these substantially

horizontal conduits (60). By adding the secondary
15 fluidizing medium separately to the connecting conduits
the flow of solid particles will increase significantly.
It has been found that the flow rate of FCC catalyst
particles can be increased to more than 10 times by
adding the secondary fluidizing medium to the connecting
20 conduit (60). Thus a means for controlling the flow of
solid particles from the fluidised bed present in the
lower tubular part (19) of the cyclone (5) is obtained.
This enables one to control the bed level of said
fluidised bed by measuring the bed level (124), by for
25 example well-known techniques as pressure measure-
ments (65) at different elevations in the cyclone, and
adjusting the flow of the secondary fluidizing medium to
the connecting conduits (60) to adjust the bed
level (124) to the desired height at different catalyst
30 circulation rates. A well-defined and controlled bed
level (124) is advantageous because all solid particles
will be sufficiently contacted with the fluidizing medium
before being withdrawn from the primary stripping zone. A
more efficient stripping of FCC catalyst particles is

35 thus achieved. The number of such connecting



It has been found that the flow rate of FCC catal yst particles can be
increased to nore than 10 tines by adding the secondary fl uidizing nmedi um
to the cowoaewsdqg 20 conduit (60). Thus a nmeans for contr @cCirierg2/041e2 f | ow of
solid particles fromthe fluidised bed present in the |ower tubular part
(19) of the cyclone (5) is obtained. This enables one to control the bed

evel of sai decLiidisadobed by ReasUp BRct bE BEd: eYe! n(328) by for 25

exanpl e wel | - known tec UES as pressure neasure- 5) "at different
el evati ons i nptrhéecpbllgnéromndouaditossingetheptkropaotithe wétbddawyl
fluidizing ne EHHME% 59 connecting conduits (60) to adjust the bed |evel
(124) to the desire ﬁ ght at different catalyst 30 circulation rates. A
wel | -defi ned and Thet mekhedtbedupbéyektfigpg)ingsgadvadbageaisabégause al

solid §articles wi.l | be _sufficiently contacted with the LLuidizing medi um
bef or & bei ng WPPRATERA FFORCERE BRFERS SUPERHIAD SoRd: AMRoPeSeffici ent
stripping of EG§eeatahystnpambiycbescbandbtelusocashseyegpitegasnbappal such
connecting WO 02/0860%8 S’CT%EPBZ/,O414%1h 9 condujt £60 can,_be from one
S0 Torty or BPBCURGL (260 METEDI § o ForPouFoRBCtRReth bBF BaFEPERES

wi t hdr awal cgu?puy fiddhs detABamaihOssuPPbYngt beAPaBgtPas16wey sdut ably

5 conprises at |east one gas injection ring, This gas ipjection ring may
be connected Pé 5h§tF?BEF%§ §5$S&dppPy HbﬁgUiFrﬁﬁﬁ ShAi ERSi ESBFERES

connerd ed to tBesshrivBRiNgeasUpPBkY cleaBaeof 5y hetpBILA. SbrkpRirRgdbed at the
| ower end of the reactor vessel, or which transfers the reactor 10 vessel

wal | near thgséyéPBHEQ(QﬁdFP§eFﬁ.Spﬁéﬁerred stripping mediumis steam In
order to avoid thah bhgeYorbeyvBiasenhti BhanvoepekapkesahtVent hgal prinary

cyclone (5) ngé%giioggg vertical primary cyclone (5) contacts and

erodes the upper end of the particle withdrawal conduit

15 or enters the optionally open upper end of said conduit,
a horizontal plate may suitably be present Jjust above
said opening. More preferably a vortex stabiliser is used
to terminate the vortex before it reaches the open end of
the withdrawal conduit. The vortex stabiliser may

20 comprise of a vortex stabiliser plate (29) arranged
perpendicular to the central vertical axis of the cyclone
and a vortex finder rod (30) arranged parallel to said
axis and extending in the direction of the gas
outlet (33’) of the primary cyclone (5). The position of

25 the vortex stabiliser will be between the upper end of
the catal?st withdrawal conduit (21) and the cyclone
inlet (6) for gas and solids. One skilled in the art
taking into account the need for a certain vortex length
to achieve good catalyst separation can easily determine

30 the actual position of the vortex stabiliser.

The catalyst particles, which are discharged from the
primary stripping zone, preferably via the above particle
withdrawal conduit (21), will fall into the secondary
stripping zone (14), which is located below said primary

35 stripping zone in the lower end of the reactor



erodes the upper end of the particle withdrawal conduit 15 or enters the
optionally open upper end of said conduit, a horizontal plate may suitably
be presenwojmgssoabove said opening. Morre preferably a voroaxeprst/ediuti ser is
used to termnate the vortex before it reaches the open end of the

wi t hdrawal conduit. The vortex stabiliser may 20 conprise of a vortex
stabiliser plate (29) arranged perpendicular to the central vertical axis
of the cycl onéesand alver TR LPWEEreRBdof 3bheaFrrbAG¥At pyt BPHERYES said

axi s and eXte?ﬁhHQltnmé ebg'E@Eﬁé?ﬁe@flﬁhﬁhga§e§§élEluﬁé@zédoﬁeahgfpr'”ary
cycl one (5) osition of e vortex stabiliser will be between the

upper end of Cahelyatapﬁsthﬂnﬁﬁ@@éd&FYc@hHHPPl@Q1¥Oaﬁd 2heSBYENONET | nl et
(6) for gas apd 30} Lds. a589e555kheﬂean1%9§1arif taki pgnispie gegpunt the

need for a certain vortex len to achi eve good catal yst separation can
easi | yb det er ntaem80athe abDMaItb@sfﬂu@dlbédth@dviV@k stabbliser. The

catal yst partpeLeralil, chods epdloehahogech @M ARG pfbga%§?ag;%p9;ng zone,

preferably vi B p rawal condii t all into
t he secondarydestrippidngnz@feAc04)38dhi chfi shéocanddibetewnsastepri mary 35
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- 10 vessel | ower he ca uit may be
subrerged in phedeQBEyfbmedenedbbédwothecapahysg of the secondary
stripping zone (as sho m nat e | ey f

condit (14) 5 te?ﬁ?%ﬁf@gl%wg ﬂEeFlﬁ?g }édtﬁgdnggg ru%’g pgel #&Pér abl y
(21) providedcoinphiaivgl tie betoadappl etaspptirgceohed (14) v\ma\soa03847 | f

th duit t tes. bel di sed_bed L a horizontal t
or et orabl y. pr BEBAEBoRSARERE obBATnGRC LOBPET BT bt y EnE FolEr BnfCof e

reactor vessektfilpping gas (52) for the secondary stripping zone and
the means (53) to discharge stripped catalyst particles
15 are located at the lower end of such an elongated lower
reactor (1) end an advantageous counter-current contact
can be achieved between upwardly moving stripping gas and
downwardly moving catalyst particles. Said secondary
stripping zone (14) is furthermore provided with gas re-
20 distribution devices (not shown) which reduce the
formation of large gas bubbles.
The flow of catalyst in such a primary cyclone

according to the present invention is suitably between

100‘and 600 kg/mz.s as calculated at the cross-sectional
25 area of the catalyst withdrawal conduit.

The above reactor vessel may find appliéation in
processes directed to catalytically crack a hydrocarbon
feedstock boiling above 370 °C to fuels boiling below
370 °C. Catalysts and operating conditions as well as

30 suitable feedstocks and preferred products may be as, for
example, described in General Textbook Fluid Catalytic
Cracking, Technology and Operation, Joseph W. Wilson,
PennWell Publishing Company, 1997.



conprising the secondary stripping zone (14), has a snaller dianmeter than
the upper part. If the neans to add stripping gas (52) for the secondary
stri ppi ngwvpanesangd the nmeans (53) to discharge stripped earargzv4iparticles
15 are located at the lower end of such an elongated [ower reactor (1) end
an advant ageous counter-current contact can be achi eved between upwardly
nmovi ng stripping gas and downwardly noving catal yst particles. Said

secondary stripping zone (14) is fu&tEeAnQrﬁ Erovided with gas re 20

di stribution devices (not shown) whi he formation of |arge gas
bubbl es. The flow of catalyst in such a primary cyclone according to the

t i ion_is,.guitably. bet 100_and, 600 kg/ nP. | cul ated at
Phe:oross. Sectt onaia8 GPERLEF EnECearary REoart narBhat S ebfi . The above.

reactor vessel maytfind appkicahtoa singpeocesseslilyrpctedionedat al ytically
crack a hydrocarbon fee stocg boi |i ng abovelgéo Cto fggls goiling bel ow
370 C. Catal yBESM3RY GYELPPnGe¥LRHI £i BAS 881 WeF| 12580 SUFELKI e f eedst ocks

and preferredcphaddets gBYthe aswnkekecamxanpl 6f destuibedatal Eener al
Text book Fluid Catalytic Cracking, Technol ogy and ng;ation, Jogigh W
Wlso® PennVeFRIPuBNiSHi AgSEBNHANYOS1BEINCRFPHoFHRBO4Y PETPERP0S2%42 -

11 CL Al MgchiyEhui degatakyibesegactor vessel conprising: at its upper
end a single centrally positioned. prinar cyclone,havingtg gas-solids
a

inlet fluidly coRféetBEiRaryheyadanst fearliehdebpvidedurd af§fic 5

riser, which gjgekti 8opaskti aredcextigpaal bydf ropial{l vbaneeatal ybi eneeact or
vessel ; said primary cyclone further provided with a gas outlet conduit at
its upper endokl wpdkyseenndar¥dcyelene separators, which secondary

10 cyclone separators are positioned in the space between
the centrally positioned primary cyclone and the wall of
the reactor vessel and which secondary cyclones have
means to discharge solids to the lower end of the reactor
vessel and means to discharge a gaseous stream poor in

15 solids to a gas outlet of the reactor vessel;

said primary cyclone further provided with a primary
stripping zone at its lower end and means to discharge
pre-stripped solids from the primary cyclone to the lower
end of the reactor vessel;

20 and wherein the reactor vessel further comprises at
the lower end of reactor vessel a secondary stripping
zone and means to discharge stripped solids from the
reactor vessel.

2. Reactor vessel according to claim 1, wherein the

25 diameter of the upper end of the vessel is larger than
the diameter of the lower end of the vessel at which
lower location the secondary stripping zone is present.
3. Reactor vessel according to any one of claims 1-2,
wherein between the gas outlet of the primary cyclone and

30 the gas inlet of the secondary cyclone an opening is



or nore secondary cycl one separators, which secondary 10 cycl one separators
are positioned in the space between the centrally positioned primary

cycl one awo oklossomal | of the reactor vessel and whi ch seceadarg2/eipaet ones
have means to discharge solids to the | r_end of the reactor vessel and
means to di scharge a gaseous stream poor 1n 15 solids to a gas outlet of
the reactor vessel; saldﬁgrlnar cyclone further Erov ded with a primary

strippi ng zonBr&FePEsePahingntahdSheiRE1nNg dPScRAr B BPECBRERFYped sol i ds

fromthe pringeyigyehgneohe thepkowekchergeal rirba taact:@écvegsebsséq and
wherein the reactor vessel further conprises at the Iomer end react or
vessel a secoﬁdar§e§FFP5pVﬁ§se%oﬁécaﬁﬂlﬁﬁaﬁg fBYJPREhEFgEL §FWPpgeé'solids

fromthe reaghareYgSBekwedn ReaghOp “8S58Had¢CeyElBHt Qephhlibls wherein
the 25 dianeter of the upper end of the vessel is larger than the

di anmet®r of tR&eFB8WEr end of the vessel at which |ower location the

secondary strigppi Rg,¢298¢ b%s@é?SQEEord§ngR@@CBHP Mﬁ@ssk agsgﬁglm94to any
one of claims 1-2, wherein between the gas outlet of the primry cyclone

and 30 the gawheneén shet heivecyngieyoapcieneranigganvaghi snwonderoses19
PCT/EPOZ/0414%ecel%%ngpgsﬁeahdeegﬁhangakﬁaelégr'apbag aa§1@E the jggcondary

stripping zoné to be arged from the reactor véssel . Reactor vessel
accordi ng to appeonendf apdaingoves, tuhhéaélQaMébw@éﬁrzlanﬁhS dewemdary

cyclone separ ahg(3.a" 6..F BLCRENLsdBy HRan o YeSEEl 1ageor dhng LA ANGone

of clalms 1-4 erefn the i mar one i S provi an inlet fo
recei vi ng gaswamdhsoﬂbdedaﬂbwekespdaagagbsmaheﬂaéﬂyiNsrtmppérp@mdlgd@ a

P oetg ones uREhbraHAS Bdlie LRYBRal0rbUR L poRTE hopRIAY! €5d W (N

closed | ower &
closed lower end to a position in the tubular part and

below the inlet for receiving gas and solid particles,

15 said conduit being provided with openings to withdraw
solid particles from the cyclone separator and wherein
said conduit has a smaller cross-sectional area than the
lower tubular part, thereby defining a space between
conduit and inner wall of the lower tubular part, wherein

20 in the lower part of said space main means to add a
stripping gas of the primary stripping zone are present.
6. Reactor vessel according to claim 6, wherein above
the particle withdrawal conduit and below the inlet for
receiving gas and solids a vortex finder is positioned.

25 7. Reactor vessel according to any one of claims 5-6,
wherein a plurality of openings are present in the
particle withdrawal conduit above or at the same level as
the means to supply the stripping gas.

8. Reactor vessel according to any one of claims 5-6,

30 wherein the particle withdrawal conduit is provided with
one or more substantially horizontal conduits fluidly
connecting the tubular part and the particle withdrawal
conduit, wherein said substantially horizontal conduit is

provided with means to add an extra fluidizing medium and



whi ch cl osed | ower end a substantially vertical particle wthdrawal
conduit extends froma position belowthe closed |lower end to a position
in the tuwoleans@ast and below the inlet for receiving gavcarmPoyoiinzl
particles, 15 said conduit being providedsth openings to withdraw solid
particles fromthe cyclone separator and wherein said conduit has a
smal | er cross-sectional area than the |ower tubular part, thereby defining
a space betweeq p69Q@Hb&e@ngeﬁgaeEh@abbsgilbhe EO%%E habyl AEaRar ko Wherein
20 in the lower part of said space main nmeans to add a stripping gas of
the prinmary sthepprafiazgnétaieprpneseas.. 6. Reactor vessel according to
claim6, wherein above the particle withdrawal conduit and bel ow the inlet
for receiving gas and solids a vortex finder is positioned. 25 7. Reactor
vessel according to any one of clains 5-6, wherein a plurality of openings
are present in the particle withdrawal conduit above or at the sane |evel
as the neans to supply the stripping gas. 8 Reactor vessel according to
any one of clainms 5-6, 30 wherein the particle withdrawal conduit is
provided with one or nore substantially horizontal conduits fluidly
connecting the tubular part and the particle withdrawal conduit, wherein
said substantially horizontal conduit is provided with neans to add an
extra fluidizing mediumand WO 02/ 086019 PCT/ EP02/ 04142 - 13 is

positi oned bel ow the position of the main nmeans to add the primary
stripping gas. :



